Standardization of HPLC with respect to detector wavelength, mobile phases, flow-rates and sample size.
B. 1.
Mobile phase = methanol: water (85:15) A.=254 nm ; Flow-rate= 1 ml/min Amount of sample (A) Retention time (min)
Area ( cations in the food, pharmaceutical and petroleum industries and in medical fields and are widely accepted products of biotechnology (Sanford and Baird 1983; Sutherland 1998) . A wide range of bacteria, from clinical and environmental habitats, is known to produce complex and diverse exopolysaccharides (EPS), occurring as capsular polysaccharides intimately associated with the cell surface or as slime polysaccharides, loosely associated with the cell. These are distinguished by the degree of cell association following centrifugation (Sutherland 1985; Whitfield 1988) . A wide range of chemical structures of homopolymeric or heteropolymeric type, made up of sugar and non-sugar components, is possible and the range of monosaccharide combinations, together with non-carbohydrate substituents and varied linkage types, makes the EPS an excellent agent and attributes diversity in bacteria (Keene and Lindberg 1983) .
A bacterial culture P 2d identified as Pseudomonas mendocina, isolated from an industrial effluent, utilizes sodium benzoate as a source of carbon and forms a highly viscous mass on storage in ice or at low temperatures. The present paper reports on the factors influencing viscosity and on the isolation and characterization of the viscous material.
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MATERIALS AND METHODS

Bacterial strain and maintenance
isolate P2 d, a Gram-negative bacterium isolated from an industrial effluent, was used for the study. Its morphological, cultural and biochemical characteristics revealed it to be a strain of Ps. mendocina (unpublished work) . The culture was grown routinely in a mineral salts medium (MSM) with sodium benzoate at a final concentration of 0.3% (w/v) as the carbon source, at 28 ± 2 °C for 24 h on a shaker at 150 rev
Isolation of exopolysaccharide from cells
Various methods (Domenico et al. 1989; Decho 1990 ; Adhikary 1998) were attempted for the effective isolation of EPS from the viscous pellet. The culture was grown in MSM with benzoate for 24 h at 28 °C, incubated on ice for 2 h and centrifuged at 6000 rev min -I for 10 min. Exopolysaccharide from the viscous pellet was extracted in deionized distilled water by placing on a magnetic stirrer overnight at 4 °C. The supernatant fluid was analysed for EPS.
In other methods, sodium -dodecyl sulphate (SDS)-citrate buffer (01%, 50 mmol 1 I ) (Domenico Cl al. 1989) , pH. 4.5, or EDTA-NaCI buffer (10 mmol 1 ', 0.85%) (Decho 1990 ), 250 1.11, was added to the cell pellet and the pellet homogenized using .tissue homogenizer. The homogenate was heated at 42 °C (Domenico et al. 1989) or 60 °C (Decho 1990 ) for 3 min and centrifuged at 4000 rev min -1 for 10 min. The pellet, after removal of the supernatant fluid, was homogenized again with the respective buffer and centrifuged. This step was repeated twice and all supernatant fluids obtained on centrifugation were pooled. Three volumes of cold ethanol were added to the supernatant fluid (Decho 1990; Cerning et al. 1994) and incubated overnight at 4°C. The supernatant fluid was centrifuged at 4000 rev min' for 10 min. The precipitate obtained was analysed for EPS. Large-scale extraction of EPS for qualitative and chromatographic analysis was carried out using the SDS-citrate buffer method.
Quantitative analysis of exopolysaccharide
Exopolysaccharide extracted from supernatant fluids was lyophilized using Labconco lyophilizer (Kansas City, MO, USA). Lyophilized EPS was hydrolysed with 2 N HCl for 2 h at 100 °C in ampoules flushed with N2 before sealing (Read and Costerton 1987) . The EPS was assayed for total carbohydrates (Dubois et al. 1956 ), uronic acid (Dische 1947) , methyl pentoses (Dische and Shettles 1948) and inorganic phosphate (Jayaraman 1981) using standard methods.
Factors affecting viscosity
The effect of various factors, such as temperature and time of incubation, age of the culture, substrates, chemicals, surfactants and heat, on the formation of viscosity was studied.
Emulsifying activity. of exopolysa.ccharide
The emulsifying activity of EPS was assayed by the modified method (Rosenberg etal. 1979) . Lyophilized EPS (0.5 mg) was dissolved in 0.5 ml deionized water by heating at 100 °C -for about 15-20 min and allowed to cool to room temperature (28 + 2 °C). The volume was then made up to 2ml using phosphate-buffered saline (PBS). The sample was vortexed for 1 min after the addition of 0.5 ml hexadecane. The absorbance at 540 nm was read immediately before and after vortcxing (A 0). The fall in absorbance was recorded after incubation at room temperature for 30 and 60111111 (A,). A control was run simultaneously with 2 ml PBS and 0.5 ml hexadecane. The emulsification activity was expressed as the percentage retention of emulsion during incubation for time t: A,/A n x 100. 
Analytical gas chromatography
RESULTS AND DISCUSSION
The slime polysaccharides bound loosely to the cell surface are released into the medium on centrifugation (Sutherland 1985; Whitfield 1988) . However, the EPS, which arc tightly bound to the cell surface, require a more severe extraction process. Pseudo/no/iris mew/ociva P,d grown in i\ ISA 1 with benzoate as carbon source 101In \VCd by storage un ice, gave a highly viscous cell pellet on centrifugation. 'Hie supernatant fluid was devoid of any viscosity. The yiscosi v-ca using factor therefore seems to be tightly bound to the cells. The use of EDTA is reported to give minimal cell lysis with efficient extraction of EPS fairly free from cellular components (Decho 1990 ). In the case of Ps. mendocina P 2d, however, extraction with EDTA-NaCI buffer was not as effective as that with cationic detergent SDS-citrate buffer. The latter buffer is reported to protect the cells from cell disruption during the extraction procedure (Domenico el ai. 1989) . By using this method, 919 mg (wet weight) EPS was ob tai ne d from moo m i cu l ture with a y i e ld o r 0.904, ( v / w ) .
T h i s m e t h o d w a s
followed routinely.
Factors affecting the viscosity
Psendonionas mendocina P2/1 incubated at the optimal growth temperature of 28 + 2 °C,.after centrifugation, yielded a pellet of cells devoid of any viscosity and the addition of cold .
e t h a n o l t o s u p e r n a t a n t f l u i d s d i d n o t y i e l d a n y p r e c i p i t a t e . However, the same cells incubated on ice and centrifuged yielded a highly viscous pellet, the viscous nature of which is thought to be clue to the gelling of the EPS produced by the culture. Cold temperature incubation for a minimum period of 2 h is necessary for the formation of viscosity (Table 1) . Young to exponentially growing cells of less than 15 h do not produce viscosity, corroborating earlier observations in bacterial strains of /1/1y.xococcus xant bus and Pseudomonas (Williams and Wimpeny 1977) .
The carbon. source used for growth determines both the quality and quantity of polysaccharide formation (Bryan et al. 1986; Kojic et al. 1992; Corning el at. 1994; Meningitsu et al. 1994; Nourani et al. 1998) . Sugar nucleotides play an important role in the EPS synthesis as activated precursors (Fett et al. 1995) . Carbohydrate sugars, such as glucose, lactose, galactose and sucrose, are preferred carbon sources for the production of EPS. With glucose as a carbon source, Ps. putida and Ps. fluorescens synthesized an EPS composed of glucose, galactose and pyruvatc (Read and Costerton 1987) . Sphingomonas paucimobiliz GS.1 produces a highly viscous EPS composed of glucose, glucuronic acid, galaettironic acid and acetate using sucrose as a substrate (Ashtatputre and Shah 1995a, 1995b) . Surprisingly, strain P 2d cells grown on various sugars, such as glucose, mannose, fructose, galactose and sucrose, failed to show any viscosity, unlike benzoate-grown cells (Table 1) . Benzoate is known to be toxic at concentrations higher than 0.03% (Silliker et al. 1980 ). The EPS is apparently formed, therefore, as a protective measure against the toxic effects of benzoate. Surfactants such as Triton-X-100, Tween 80 and sodium deoxycholate added during the growth of the culture did not inhibit the formation of viscosity (Silman et al. 1990 ), nor did they have any effect on the dispersal of viscous pellets. NaOH (2 N) was very effective in solubilizing the viscous material at the same time as lysing the cells. Heating alone at 45/60 °C was not effective in dispersal of the ice-incubated cell pellets. At 100 °C viscous material was, however, charred.
Emulsifying activity
The emulsifying activity of EPS is determined by its strength in retaining the emulsion of the hydrocarbon in water. Generally the emulsion breaks rapidly within an initial incubation of 30 min. The absorbance reading after 30 and 60 min gives a fairly good indication of the stability of the emulsion. The EPS from P 2d retained 61.9% and 57.14"k of the emulsion after 30 and 60 min, respectively ( Table 2 ). The stability of the emulsion by EPS from P 2d is comparable to those reported earlier (Rosenberg et al. 1979) .
Composition of exopolysaccharide •
Heteropolysaccharides containing multiple sugars have been reported in different bacteria, such as the saprophytic bac- 0.00 0.12 57.14 *Hexadecane, 0.5 ml, was added to 0•5 ml EPS (1 mg m1 -1 ) diluted to 2 ml with phosphate-buffered saline (PBS), vortexed for 1 min and the absorbance monitored at 54(1 nm. A control was run with 2 ml PBS without EPS.
terium Ps. fluorescens strain III 3 which was found to contain glucose, glucosamine, rhamnose, fucose, arabinose and acetate and the plant pathogen Ps. andropoganis which produces an acidic EPS containing glucose, glucuronic acid, mannose, rhamnose and galactose (Fishman et al. 1997) . The sugar composition of the EPS, analysed using GC (Fig. 1) , shows the presence of hexoses (rhamnose, 50•79%; fucose, 3.33% and glucose, 7.23%) and pentoses (ribose, 6.53%; arabinose, 0.76% and mannose, 19.21%). Two minor peaks in the chromatogram could not be identified.
Pseudonzonas mcndocina PA is a promising bacterial culture in the production of EPS with a distinctive property to gel at cold temperature. 
